We report using density functional theory (DFT), the ground-state properties of the recently synthesized and characterized Sr3[C2N]2 crystal. The nearly colorless, centrosymmetric Sr3[C2N]2 crystallizes in a monoclinic unit cell with a P 21/c space group (No.14) and many of its properties remain unknown basing on the fact that it's a latecomer in the field. The goal of this study is to fill this information gap through a theoretical prediction. The calculated structural properties were comparable to those obtained by an experimental group led by Clark and co-workers thus giving us extra confidence in the accuracy of our DFT computations on Sr3[C2N]2. We employed the same approach in calculating mechanical and dynamical stabilities together with the electronic density of states of Sr3[C2N]2. No imaginary phonon modes were observed and thus implying dynamical stability. The thirteen elastic constants calculated passed the stability criteria of a monoclinic system. From the computed Poisson's ratio (η=0.27) and G/B=0.54, our calculations predict Sr3[C2N]2 being brittle and not able to withstand high-pressure applications. To analyze the chemical bonding mechanism, the corresponding total density of states (TDOS) and partial DOS were plotted. The top of the valence band (VB) mainly consists of C 2p states N 2p, N 2s and a slight admixture of Sr 5s states. The bottom of the conduction band (CB) shows a strong hybridization between C 2p, N 2p, N 2s, and Sr 5s states, yielding a bandwidth of 7.18 eV in the entire conduction band. We were able to obtain a tunable electronic gap of 2.65 eV in Sr3[C2N]2. The authors herein note that Sr3[C2N]2 falls in an unknown family of pseudonitrides that may possess novel physical and chemical properties if combined with suitable cations like transition metals. Material scientists are encouraged to scout in this new class of pseudonitrides for future technologies.
I. INTRODUCTION
Designing materials based on the first principles approach, synthesis, and equally characterization of these materials are of great interest to both theoretical and experimental material scientists 1 . The search for new novel materials has become a norm in many materialbased research groups around the world. The exponential search has been triggered by the enormous success in the current theoretical and experimental approaches. As an example, if carbon is combined with a light element like nitrogen, the outcome has always been promising from previous theoretical studies 2-4 . Unfortunately, few of these complex carbon-nitrogen-ions have been realized experimentally 1 .
After the discovery of pseudo-chalcogenide anion [CN 2 ] 2− in Ca[CN 2 ], there has been a continuous 5 urge to obtain carbodiimide-based and cyanamides-based materials for potential applications. It is important to note that [CN 2 ] 2− may exist as the symmetric carbodiimide anion or the asymmetric cyanamides depending on the hardness of the cation in place. Literature [5] [6] [7] [8] [9] hints that carbodiimides like M[CN 2 ] (M=Mg -Ba and Eu), Cr 2 [CN 2 ] 3 and M[CN 2 ] (M=Mn -Zn) as well as binary cyanamides such as M[M=Cd and Pb], are employed as negative electrode materials for lithium and sodium batteries, corrosion protective layers, photovoltaic devices, fluorescent light sources and light-emitting diodes. The carbodiimide anion is a pseudo-chalcogenide anion and can act as a bridging ligand to allow magnetic bridged paramagnetic cations like Cr 2 [CN 2 ] 3 7 . Most recently, a new unknown family of pseudonitrides was realized. The first quasi-binary acetonitriletriide Sr 3 [C 2 N] 2 , was reported by Clark and co-workers 10 . They characterized Sr 3 [C 2 N] 2 by single-crystal X-ray diffraction, Raman spectroscopy, elemental analysis and confirmed it by quantum mechanical methods. Our study was promoted by the extensive work in Ref. 10 to aid fill the information gap on Sr 3 [C 2 N] 2 . To this date, based on our knowledge, no studies whether theoretical or experimental have been performed on the mechanical stability and band-structure analysis of monoclinic Sr 3 [C 2 N] 2 .
It is important to note that any material possesses its intrinsic characteristics. If these traits are well predicted and understood, then it becomes easy to manipulate or tailor a material for any novel functionality. Information regarding the lattice constants is usually important in the growth of thin layers on other materials. A mismatch can easily lead to strains and thus defects 11 . Mechanical stability on the other hand, is a very fundamental aspect of any material and it is based on its elastic constants. The elastic constants determine the way a crystal will respond to external forces and also give room to investigate stability, stiffness, brittleness, and ductility in a material. Knowledge of the band-structure contribution from the orbitals is important such that it depicts the chemical bonding nature in a crystal as explained in Ref 11 . Again, it can predict its optical capabilities if the gap seems tunable. With all these in mind, we filled the information gap on Sr 3 [C 2 N] 2 by performing an ab initio study. We first bench-marked our study with the work of Clark and co-workers in Ref. 10 on lattice parameters and the optimized coordinates. Once satisfied, we went ahead to investigate the elastic constants, electronic density of states and the phonon bandstructure.
This paper is organized as follows in the remaining parts: in Sec. II, we give a brief outline of the calculation details. The results are shown and discussed in Sec. III. Finally, in Sec. IV we give a conclusion and propose future works on monoclinic Sr 3 [C 2 N] 2 .
II. CALCULATION DETAILS

FIG. 1.
We display the conventional cell of monoclinic Sr3[C2N]2 in P 21/c space group (No.14) considered in the present calculation. The blue, green and gray balls represent Sr, C and N respectively. Information regarding the optimized atomic coordinates (fractional) has been given in Table I to ensure reproducible calculations in future. Other important aspects are found in Table II .
We performed scalar-relativistic calculations on Sr 3 [C 2 N] 2 using density functional formalism as implemented in the Siesta method 12 with a double zeta polarized basis set. Exchange and correlation were treated within the generalized gradient approximation (GGA) using the PBE 18 functional. Core electrons were replaced by ab initio norm-conserving fully separable 13 , Troullier-Martin pseudopotentials 14 . In Siesta, the one-electron eigenstates were expanded in a set of numerical atomic orbitals using the standard Siesta DZP basis. A Fermi-Dirac distribution with a temperature of 0.075 eV was used to smear the occupancy of the one-particle electronic eigenstates. To get a converged system, we had a two-step procedure: We first relaxed the atomic structure and the one-particle density matrix with a sensible number of k-points (9×5×7 Monkhorst-Pack 16,17 kpoint mesh) and secondly, freezing the relaxed structure and density matrix, we performed a non-self consistent band structure calculation with a much denser sampling of 60×60×60. Real-space integration was carried over a uniform grid with an equivalent plane-wave cutoff of 600 Ry. In this calculation, all the atomic coordinates were relaxed until the forces were smaller than 0.01 eV/Å and the stress tensor components were below 0.0001 eV/Å 3 .
III. RESULTS AND DISCUSSION
In this section we present the calculated ground-state properties of monoclinic Sr 3 [C 2 N] 2 as predicted using the PBE 18 functional. It is important to note that we fitted our energy-volume relationship to the Murnaghan 19 equation of state.
A. Structural properties
From the calculated parameters in Table II , it is seen that the volume of Sr 3 [C 2 N] 2 crystal is 300.90Å 3 which is in agreement with the recent experimental value of 299.50Å 3 . Our volume is 0.47% higher than that of Clark and co-workers 10 due to slight distortion in our op- timized lattice constants. The unit cell slightly increased by 1.35% in the b axis while we had a decrease of 0.47% and 0.12% in a and c axis respectively. This indicated an existence in different bonding characters along the three axes. The C-C and C-N bonds were overestimated as compared to the experimental values by 2.09% and 1.26% respectively. Such a discrepancy is a well-known factor since PBE functional overestimates the lattices and thus the bonds. Our calculated volumetric density slightly decreased by 0.45% and this was attributed to the increased volume after optimization. The β angle in our calculations was 0.53% larger than that in Ref. 10 and it is attributed to the lattice distortions as we relaxed the atomic positions. Generally, an agreement was reached between the computed and measured values 10 .
B. Electronic density of states The behavior of electrons in a material to external perturbations such as absorption or emission of light can be explained by the energy eigenvalues in the electronic band-structure. Such a response is usually related to an electronic property like the bandgap. A very useful concept in analyzing any band-structure of a material is the density of states as a function of the energy. The calculated total density of states (TDOS) of Sr 3 [C 2 N] 2 is shown in Fig. 2 . We predict monoclinic Sr 3 [C 2 N] 2 to have an electronic energy gap of about 2.65 eV. Due to the well known GGA bandgap problem, we anticipate that this value is slightly lower than that of the currently missing experimental measurements. Also missing are theoretical bandgaps on Sr 3 [C 2 N] 2 and this informs why we can not make a comparison of our gap. From the TDOS shown, it is clear that the lower valence bands at about -37 eV are predominantly composed of Sr 4s character. The valence band (VB) and the conduction band (CB) mainly consist of Sr 4p, Sr 5s, N 2s, N 2p, C 2s, and C 2p. Sr 4p and C 2s do not play a role at the top of the valence band and the physics is expected since they are lower in energy. The upper valence band shows strong hybridization between C 2p N, 2s and N, 2p with very small signatures from Sr 5s. This is a very important observation since the hybridization of N and C states confirms the finding of Clark and co-workers 10 on C=C=N double bonding. The conduction band consists mainly of C 2p, N 2p N 2s, and Sr 5s. The conduction band harbors these orbitals and the calculated bandwidth is of the order of 7.18 eV. We anticipate that this band characteristic is not rigid and may be tuned to tailor Sr 3 [C 2 N] 2 for a desired electronic characteristic.
C. Mechanical stability
It is important to note that elastic constants will determine the responses of any solid to external forces. They are characterized by the bulk modulus, Young's modulus, shear modulus, and the Poisson's ratio and play an important role in determining the strength and stability of a material.
In this section, we will introduce the basic formulas of elastic moduli and the mechanical stability criteria for monoclinic Sr 3 [C 2 N] 2 . We investigated the 13 non-zero elastic constants as follows,
(1)
We also calculated the bulk modulus B and shear modulus G using the Voigt approximation 20 and the Reuss approximation 21 . We then calculated the average of the two to obtain the Hills approximation 22 . We used the equations below that relate to the thirteen independent elastic constants to B V and G V in Voigt notations, 
Where,
It is important to note that the mechanical stability of monoclinic Sr 3 [C 2 N] 2 is only achieved if the elastic constants satisfy the following necessary and sufficient con-ditions as prescribed by Born 24 .
From Table III we noted that Sr 3 [C 2 N] 2 satisfied all the above tests and is mechanically stable. Using the Voigt-Reuss-Hill approximations, we were able to compute B H =0.5(B R +B V ) and equally G H =0.5(G R +G V ). We obtained Young's modulus E and the Poisson's ratio (η) using E = 9BG/(3B +G) and η = (3B −2G)/[2(G+3B)] respectively. From the calculated elastic constants in Table III, it can be seen that they are too low and we would not expect Sr 3 [C 2 N] 2 to be employed in the hard industry. The bulk modulus of Sr 3 [C 2 N] 2 is too small compared to that of diamond (459 GPa 25 ) indicating that it is a soft material. The comparison to diamond as benchmark for hard materials might be right in this article, but the comparison is somewhat unfair in most calculations. The reason for this is because diamond is dominated by 3D-covalency while in this context, Sr 3 [C 2 N] 2 by ionic interactions between Sr and C 2 N. The Young's modulus, which is defined as the ratio between stress and strain, is used to measure stiffness in a solid. A large value of Young's modulus implies stiffness in a material. Sr 3 [C 2 N] 2 is extremely less stiff if a comparison to diamond is made. We also calculated the value of the Poisson's ratio (η) in Sr 3 [C 2 N] 2 . This value ranges from -1 to 0.5. If η = −1, then the respective material does not change its shape and η = 0.5 implies that the volume does not change. All these happens when an incompressible material is deformed elastically at small strains 26 . From Table IV , checking on the Poisson's ratio, we pre-dict that Sr 3 [C 2 N] 2 is brittle since η < 0.33. We had to confirm this behavior by employing the Pugh's criteria 27 according to which a high G/B is associated with brittleness while a low G/B is associated with ductility. In principle, a material is brittle if G/B is greater than 0.5 otherwise the material is ductile. From Table IV , we see that the G/B ratio confirms brittleness in Sr 3 [C 2 N] 2 . Since monoclinic Sr 3 [C 2 N] 2 is a low symmetry crystal, we caution that calculation of the elastic constants is not unique since it is highly depended on the orientation of the unit cell. At the moment, there is no data on the elastic constants of this crystal and we therefor give a basis for future works to be done. The goal here was to compute the phonon bandstructure of Sr 3 [C 2 N] 2 as illustrated in Fig. 3 . We computed force constant matrix in real space using the supercell technique based on optimized structures then computed the dynamical matrix for every q-point in reciprocal space. In this case, we observed that all the normal vibration modes had real and finite frequencies thus implying that Sr 3 [C 2 N] 2 is dynamically stable.
IV. CONCLUSION
We successfully carried out ab initio calculations on the mechanical and dynamical stability together with the electronic density of states of Sr 3 [C 2 N] 2 . The goal of this work was to fill part of the information gap on the newly characterized crystal structure. The optimized crystallographic parameters were found to be in accord with experimental results obtained by Clark and co-workers 10 . The mechanical stability of the new crystal met the stability criteria of a monoclinic system. It was found to be brittle and thus can not be employed where hard materials are required. The dynamical stability was upheld since no imaginary phonon modes were observed in the crystal. The density of states was systemically investigated, and their characteristics were interpreted. It was found out that monoclinic Sr 3 [C 2 N] 2 has an energy gap of 2.65 eV. We predict that it has a non-rigid gap that can be tuned and make it an ideal candidate for optical applications. Based on these calculated results, we have partly filled the missing information gap on this newly characterized crystal structure. Our major recommendation is that probably if the pseudonitride is combined with suitable cations like in the group of transition metals we may realize subtle physics. It is important to note that at an industrial level, Sr 3 [C 2 N] 2 can be not be applied as material anyhow due to its reactivity against air and moisture 28 .
